Introduction
============

Perivascular epithelioid cell tumor (PEComa) is a mesenchymal tumor composed of distinctive cells that show a focal association with blood vessel walls and usually express melanocytic and smooth muscle markers.[@b1-ott-8-1967] PEComa arising at soft-tissue and visceral sites is rare, with approximately 200 reported cases worldwide. Approximately one-third of the PEComas show locally aggressive behavior, and are called "malignant PEComa".[@b2-ott-8-1967] Since few cases have been reported, there is still no consensus about imaging/pathology diagnostic characteristics, staging/restaging, and treatment options for the management of malignant PEComa.[@b1-ott-8-1967],[@b3-ott-8-1967] PEComa is driven by a tuberous sclerosis complex gene mutation causing upregulation of mammalian target of rapamycin (mTOR) pathway. Selectively inhibiting mTOR pathways has shown efficiency in malignant PEComa.[@b4-ott-8-1967] Meanwhile, mTOR pathway controls multiple cellular processes, especially Glut-1 (glucose transporter) function.[@b5-ott-8-1967] Therefore, ^18^F-fluorodeoxyglucose positron emission tomography/computed tomography (^18^F-FDG PET/CT) may have potential in diagnosing, staging/restaging, and guiding treatment of malignant PEComa with mTOR inhibitors by detecting the increased glucose metabolism in tumor. To our knowledge, no report has been published about the role of ^18^F-FDG PET/CT in patients with malignant PEComa treated with mTOR inhibitors. In this report, we present a case of malignant uterus PEComa with intense FDG uptake in disseminating metastatic foci, successfully treated with sirolimus (rapamycin, Rapamune™), an mTOR inhibitor.

Case report
===========

A 46-year-old female presented to our institution with solitary renal and pulmonary lesions 2 years after the initial diagnosis of uterine leiomyosarcoma. Left nephrectomy and right lower lung lobe wedge resection were performed. Histological and immunohistochemical analysis of the renal and pulmonary lesions, in addition to retrospective re-evaluation of the initial uterine tumor, led to the final diagnosis of malignant uterine PEComa with late renal and pulmonary metastases. Pulmonary metastases from malignant uterine PEComa display nests of epithelioid cells with small round nuclei surrounding thin-walled capillary vessels ([Figure 1A](#f1-ott-8-1967){ref-type="fig"}). Tumor shows diffusely positive staining for melanocytic marker and smooth muscle marker ([Figure 1B and C](#f1-ott-8-1967){ref-type="fig"}). A high Ki-67 labeling index of 40% indicates the aggressive behavior of the tumor ([Figure 1D](#f1-ott-8-1967){ref-type="fig"}).

^18^F-FDG PET/CT scan was performed 1 month after pulmonary and kidney surgery to restage the disease. The PET/CT imaging showed bilateral multiple pulmonary metastases with maximum standardized uptake value (SUV~max~) of 6.5 (circles in [Figure 2A and B](#f2-ott-8-1967){ref-type="fig"}), liver metastases with SUV~max~ of 12.1 (arrows in [Figure 2C and D](#f2-ott-8-1967){ref-type="fig"}), metastatic foci growing from previous left kidney bed with SUV~max~ of 7.3 (boxes in [Figure 2E and F](#f2-ott-8-1967){ref-type="fig"}). In addition, whole body FDG PET showed multiple distant metastases, including the disseminating tumor emboli with intense FDG uptake ([Figure 2G](#f2-ott-8-1967){ref-type="fig"}).

The patient was treated with sirolimus (rapamycin, Rapamune™; Wyeth, Madison, NJ, USA), an inhibitor of mTOR. Serial CT scans were performed to monitor the treatment response. The follow-up axial CT images ([Figure 3A and B](#f3-ott-8-1967){ref-type="fig"}) showed that the pulmonary metastatic foci were gradually diminishing and eliminating. A favorable and sustained response was observed at 7 months after the PET/CT scanning. The patient continued using the mTOR inhibitors untill the last follow-up. Written informed consent was obtained from the patient for publication of this case report and accompanying images.

Discussion
==========

The PEComa family includes lymphangioleiomyomatosis, angiomyolipoma, clear cell sugar tumor of the lung; and a group of histologically and immunophenotypically similar tumors arising at a variety of soft-tissue and visceral sites. PEComas other than lymphangioleiomyomatosis and angiomyolipoma are rare, especially "malignant PEComa" which is accounting for one-third of the PEComa. The consensus about the diagnostic criteria and treatment options for malignant PEComa have not been established.[@b1-ott-8-1967]

^18^F-FDG PET/CT has shown the potential role in differentiating malignant and benign PEComas.[@b2-ott-8-1967],[@b6-ott-8-1967]--[@b13-ott-8-1967] Previous reports have shown that all the malignant PEComas (n=4) presented with intense FDG uptake at both primary lesions and metastatic foci with SUV~max~ ranging from 3.19 to 72.[@b2-ott-8-1967],[@b6-ott-8-1967]--[@b8-ott-8-1967] However, 55 out of 62 benign PEComas have exhibited low or negative FDG uptake on PET imaging with SUV~max~ lower than 2.0.[@b9-ott-8-1967]--[@b13-ott-8-1967] Since PEComa is driven by tuberous sclerosis complex gene mutation causing upregulation of mTOR pathway which controls multiple cellular processes, including Glut-1 function,[@b5-ott-8-1967] high FDG uptake in malignant PEComa could reflect over activation of mTOR pathway and is useful for staging/restaging in clinic.

Pretreatment FDG PET/CT has shown the ability in predicting outcome of treatment with chemotherapy, radiotherapy, and targeted therapy in variable cancer. In general, the patients with higher FDG uptake were associated with poorer prognosis compared to those with lower FDG uptake. Similarly, malignant PEComa patients with intense FDG uptake in previous case reports all failed to chemo- or radiotherapy.[@b6-ott-8-1967],[@b7-ott-8-1967] For example, Ciarallo et al reported a malignant PEComa revealed by FDG PET/CT that were resistant to radiotherapy, chemotherapy, and imatinib mesylate.[@b7-ott-8-1967] At the same time, prior studies demonstrated that mTOR inhibitors such as sirolimus may be recommended in this rare disease type.[@b4-ott-8-1967],[@b5-ott-8-1967] Based on these evidences, the patient was treated with mTOR inhibitor and got a nearly complete clinical response. Hence, we presumed that if increased glucose metabolism in malignant PEComa was linked with the upregulation of mTOR pathway, high FDG uptake may suggest that targeting on inhibiting mTOR pathway would be an effective treatment as shown in our case. However, one case from Dickson et al's study, the only case as far as we knew, showed resistance to sirolimus although with avid FDG uptake.[@b14-ott-8-1967] Indeed, it still needs more patients to establish a general statement. Further studies are required with functional imaging including FDG PET/CT to understand the determinants of response and mechanisms of acquired resistance.

Conclusion
==========

^18^F-FDG PET/CT is helpful in staging/restaging for malignant PEComa and guiding treatment with mTOR inhibitors.

This work is supported by grants (NSFC 81272502, ZR2014YL033, and 2014WS0030).

**Disclosure**

The authors report no conflicts of interest in this work.

![Pathological findings of the pulmonary metastases from malignant uterine PEComa.\
**Notes:** (**A**) Hematoxylin and eosin stain, magnification ×100. (**B** and **C**) HMB-45 and SMA immunohistochemical stain, magnification ×200. (**D**) Ki-67 immunohistochemical stain, magnification ×200. The average Ki-67 labeling index is 40% in this tumor. Background staining was identified by negative controls in which the sections were performed by substitution of primary antibodies with phosphate buffer solution.\
**Abbreviations:** HMB-45, human melanoma black 45; PEComa, perivascular epithelioid cell tumor; SMA, smooth muscle actin.](ott-8-1967Fig1){#f1-ott-8-1967}

![The ^18^F-FDG PET/CT scans of the patient.\
**Notes:** (**A** and **B**) Axial CT image in the lung window and axial PET/CT fusion image at the level of inferior pulmonary vein. Circles: pulmonary metastases. (**C** and **D**) Axial CT image in the abdominal window and axial PET/CT fusion image at the level above hepatic portal. Arrows: liver metastases. (**E** and **F**) Axial CT image in the abdominal window and axial PET/CT fusion image at the level of hepatic portal. Boxes: metastatic foci growing from previous left kidney bed. (**G**) Maximum intensity projection image 18F-FDG PE T showed tumor emboli in bilateral upper pulmonary artery (arrowheads), left atrium (short arrow), and inferior vena cava (long arrow).\
**Abbreviations:** CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission tomography.](ott-8-1967Fig2){#f2-ott-8-1967}

![Follow-up CT scans of the patient.\
**Notes:** (**A**) Partial response was observed by CT at 3 month after the initiation of the mTOR inhibitor treatment. For example, the size of the largest lesion in lung was reduced from 9 to 4 mm (circle). Some other pulmonary metastases were cavitated (box). (**B**) Nearly complete response was observed by CT at 7 months after the initiation of the mTOR inhibitor treatment. Fibrosis was observed at the largest pulmonary metastatic focus (circle). No other residual lesion was discernible (box).\
**Abbreviations:** CT, computed tomography; mTOR, mammalian target of rapamycin.](ott-8-1967Fig3){#f3-ott-8-1967}
